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NASA-DoD Lead-Free
Electronics Project

• Objective: Formed to determine reliability of lead-free 
solders for military/aerospace. Effects of rework and solder 
mixing are being examined.  Builds on the earlier JCAA/JG-
PP Lead-Free Solder Project.

• Testing
Vibration (up to 28 Grms)
Mechanical Shock
Thermal Cycle (-55 to +125°C)
Thermal Cycle (-20 to +80°C)
Combined Vibration/Thermal Cycle
Copper Dissolution
IST Testing

• Website
http://www.acqp2.nasa.gov/NASA_DODLeadFreeElectronics_Proj2.html



Thermal Cycle Testing

• Solders tested:
• Sn3.0Ag0.5Cu (reflow) (SAC305)
• Sn0.7Cu0.05%Ni (reflow, wave) (SN100C)
• Sn4.0Ag0.5Cu (BGA balls)(SAC405)
• Sn1.0Ag0.5Cu (CSP balls)(SAC105)
• Sn37Pb as a control

• Board finishes: Immersion silver, ENIG
• Board: 6 layers,0.090 in.,FR4 (Tg of 

170°C)



Thermal Cycle Testing

• Components
• BGA-225
• CSP-100
• CLCC-20
• QFN-20
• PDIP-20
• TQFP-144
• Alloy 42 TSOP-50

• Two types of test vehicles

• “Manufactured” – 5 SnPb; 6 lead-free (SAC305 paste); 5 lead-free 
(SN100C paste)

• “Rework” – 6 SnPb; 5 lead-free (SAC305 paste).  Reworked six 
BGA’s; six CSP’s; two PDIP’s; and four TSOP’s on each.  Also mixed 
SnPb/lead-free.

• One test vehicle had an ENIG finish (SnPb “Rework”).



NASA-DoD Test Vehicle



Thermal Cycle Chamber



Test Vehicles in Thermal Cycle Chamber



Event Detectors and Data 
Collection System



Thermal Cycle (-20°C to +80°C)
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Reflow Profile for SnPb Solder Paste 
(Source: BAE Systems)



Reflow Profile for SAC305 Solder Paste 
(Source: BAE Systems)



Chemical Analysis of Solder Joints 
Contaminated with Pb (by ICP 

Spectroscopy)

Component Ref. Des. Test 
Vehicle ID Reworked? Component Finish Board 

Finish Solder %Ag %Cu %Pb %Sn %Bi %Au

BGA-225 U04 149 No SAC405 Ag Sn37Pb 3.46 0.94 3.77 91.71 0.00 0.13
BGA-225 U04 193 No Sn37Pb Ag SAC305 0.31 0.26 33.91 65.44 0.00 0.08

BGA-225 U43 193 Yes SAC405 Residual 
SAC Sn37Pb 3.13 3.18** 5.52 88.07 0.00 0.10

CLCC-20 U09 149 No SAC305 Ag Sn37Pb 1.35 0.49 24.68 73.48 0.00 0.00
CLCC-20 U09 193 No Sn37Pb Ag SAC305 1.92 0.39 16.46 81.19 0.04 0.00

CSP-100* U33 149 Yes SAC105 Residual 
Sn37Pb Sn37Pb 0.90 0.73 1.81 96.23 0.00 0.33

CSP-100* U33 193 Yes SAC105 Residual 
SAC Sn37Pb 0.83 0.63 4.43 93.82 0.00 0.29

QFN-20 U15 193 No SnPb Ag SAC305 3.39 0.85 0.93 94.83 0.00 0.00

TSOP-50 U16 149 No SnBi Ag Sn37Pb 0.44 2.68** 35.73 61.06 0.09 0.00
TSOP-50 U16 193 No SnPb Ag SAC305 3.53 6.10** 1.51 88.86 0.00 0.00

** Copper may have been removed from the PWB pads when the solder joints were cut from the test vehicle. 
*PWB Cu pads had to be cut from the CSP balls.  This operation also removed that end of each ball.



SnPb Paste SAC305 Paste

Component

BGA-225
Unmixed Technology 100 0

Mixed Technology 52 100
CLCC-20

Unmixed Technology 84 96
Mixed Technology 96 92

CSP-100
Unmixed Technology 100 0

Mixed Technology 0 68
QFN-20 0 4
TQFP-144 90 34
TSOP-50 100 100

"Manufactured" Test Vehicles

% of Components Failed During Thermal 
Cycle Testing (at 11,676 Cycles)



Observations at 11,676 Cycles

• Pure Pb-free solder joints are outperforming pure 
SnPb solder joints

This is in line with previous studies that used less 
aggressive thermal cycles (JG-PP; iNEMI; 
HDPUG)

• Reworked pure SnPb solder joints are outperforming 
unreworked SnPb solder joints (for TSOP’s, BGA’s, 
and CSP’s)

Reason not clear at this time
In contrast, reworked Pb-free joints are less 
reliable than unreworked Pb-free joints (TSOP 
data only)



TSOP-50 Data
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6/20/2011 14:26
Boeing Company
Thomas A. Woodrow

Weibull
SAC305/SnBi

W2 RRX - SRM MED
F=25 / S=0

β1=7.2378, η1=4942.8859, ρ=0.9835

SnPb/Sn

W2 RRX - SRM MED
F=15 / S=0

β2=9.7584, η2=3497.0642, ρ=0.9473

SnPb/SnPb

W2 RRX - SRM MED
F=25 / S=0

β3=5.5063, η3=3645.8470, ρ=0.9828

SAC305/SnBi

SnPb/SnPb

SnPb/Sn

Key: Solder 
Alloy/Component Finish



Reworked SnPb TSOP-50 Data
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6/20/2011 15:37
Boeing Company
Thomas A. Woodrow

Weibull
SnPb/Sn

W2 RRX - SRM MED
F=15 / S=0

β1=9.7584, η1=3497.0642, ρ=0.9473

SnPb/SnPb Rwk with SnPb/Sn
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SnPb/SnPb
reworked 
with 
SnPb/Sn

Key: Solder 
Alloy/Component Finish
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6/20/2011 14:21
Boeing Company
Thomas A. Woodrow
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Rwk SnPb/SnPb

W2 RRX - SRM MED
F=10 / S=0

β1=6.5246, η1=4467.9686, ρ=0.9478

SnPb/SnPb

W2 RRX - SRM MED
F=25 / S=0

β2=5.5063, η2=3645.8470, ρ=0.9828

SnPb/SnPb

SnPb/SnPb
reworked 
with 
SnPb/SnPb

Key: Solder 
Alloy/Component Finish

Reworked SnPb TSOP-50 Data



SnBi TSOP-50 Assembled with SnPb Solder (Pre-Test Microsection)

SnPb/SnPb TSOP-50 Reworked with SnPb/SnPb (Pre-Test Microsection)

Photo courtesy of Sandia National LaboratoriesPhoto courtesy of Sandia National Laboratories

Photo courtesy of Sandia National LaboratoriesPhoto courtesy of Sandia National Laboratories

Comparison of As-Assembled and Reworked TSOP Solder Joints
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Key: Solder 
Alloy/Component Finish

Reworked Pb-Free TSOP-50 Data
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reworked 
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405 - no 
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at 11676 
cycles
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no 
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at 11676 
cycles

Key: Solder 
Alloy/Component Finish

BGA-225 Data
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Weibull
SAC305/SnPb

W5 RRX - SRM MED
F=25 / S=0

β1[1]=0.5644, η1[1]=901.2608, Ρ1[1]=0.1826 ; β1[2]=4.7275, η1[2]=6302.7439, Ρ1[2]=0.8174

SnPb/SAC405

W2 RRX - SRM MED
F=12 / S=13
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SnPb/SnPb

W2 RRX - SRM MED
F=25 / S=0

β3=14.0212, η3=6953.2528, ρ=0.9814

SnPb/SAC405

SnPb/SnPb

SAC305/SnPb

Key: Solder 
Alloy/Component Finish

BGA-225 Data (Mixed Solders)



SAC405 Balls Assembled with SnPb Paste (SnPb Reflow Profile; Pre-Test Microsection)

SnPb Balls Assembled with SAC305 Paste (Pb-free Reflow Profile; Pre-Test Microsection)

Photo courtesy of Sandia National LaboratoriesPhoto courtesy of Sandia National Laboratories

Photo courtesy of Sandia National Laboratories Photo courtesy of Sandia National LaboratoriesPhoto courtesy of Sandia National Laboratories Photo courtesy of Sandia National LaboratoriesPhoto courtesy of Sandia National Laboratories Photo courtesy of Sandia National Laboratories

BGA-225 Microsections (Mixed Solders)



CSP-100 Data
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SAC305/
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reworked 
with 
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failures 
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Key: Solder 
Alloy/Component Finish



TQFP-144 Data
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Weibull
SAC305/Sn

W2 RRX - SRM MED
F=17 / S=8

β1=8.4634, η1=1.1514Ε+4, ρ=0.9846

SnPb/NiPdAu

W2 RRX - SRM MED
F=25 / S=0

β2=5.0626, η2=7511.8983, ρ=0.9927

SnPb/Sn

W2 RRX - SRM MED
F=23 / S=2

β3=4.8409, η3=9032.9926, ρ=0.9877

SAC305/Sn

SnPb/Sn

SnPb/NiPdAu Only one 
SAC305/
NiPdAu 
failure at 
11676 
cycles

Key: Solder 
Alloy/Component Finish
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TQFP-144 Data (Dipped Leads)



CLCC-20 Data
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Weibull
SAC305/SAC305

W2 RRX - SRM MED
F=22 / S=3

β1=3.5658, η1=2732.5943, ρ=0.9664

SAC305/SnPb

W2 RRX - SRM MED
F=21 / S=4

β2=3.2819, η2=2426.2009, ρ=0.9360

SnPb/SAC305

W2 RRX - SRM MED
F=21 / S=3

β3=3.3468, η3=1988.0529, ρ=0.9434

SnPb/SnPb

W2 RRX - SRM MED
F=16 / S=9

β4=4.7909, η4=2137.7196, ρ=0.9052

Key: Solder Alloy/Component 
Finish 

SnPb/SAC305 SAC305/
SAC305



 -20 to +80°C Thermal Cycle
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Summary

• The results of this study to date suggest 
that for all component types, SAC305 is 
more reliable than eutectic SnPb solder 
with respect to mild thermal cycling.

• Rework increased SnPb solder joint 
performance and decreased lead-free 
solder joint performance.

• Mixing solders on BGA’s gave poor 
performance. 
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